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Dairy  calves  are  often  separated  from  the  cow  soon  after  birth  and  prevented  from  nurs-
ing, but  little  is known  about  the  effects  of nursing  on  the development  of the  cow–calf
bond.  This  study  evaluated  the  effect  of  nursing  on  afﬁliative  behaviours  between  the  dam
and her  calf  including  allogrooming,  proximity  and  latency  to reunite  after  a period  of
separation.  Holstein  cow–calf  pairs were  randomly  allocated  to three  treatments  differ-
ing only  in nutritional  dependency  on the  dam:  milk  feeder  (n = 10  pairs),  combined  (n  = 10
pairs)  or  nursing  (n =  10 pairs).  Milk  feeder  calves  could  feed  ad  libitum  from  an  automated
milk-feeder,  combined  calves  could  suckle  from  their  dams  at night  and  could  feed  ad libi-
tum  from  an  automated  milk  feeder  and  nursing  calves  could  suckle  from  their  dams  at
night. Cows  and  calves  were  kept  together  during  the  night  (between  20:00  h  and 08:00  h)
and were  housed  adjacent  to each  other  during  the  day  (between  08:00 h  and 20:00  h).
Direct  live  observations  were  performed  2 h following  the  opening  of the  gate  that  allowed
calves  to mix  with  cows  at night.  All  pairs  spent more  time  (% of observations)  allogroom-
ing  each  other  (i.e. own  cow/calf)  than  they did  grooming  other  cows  and  calves  within
the  same  group  (10 ±  0.8%  vs.  0.4  ±  0.7%,  t29 =  168.8, P <  0.001).  The  time  cow–calf  pairs
spent  allogrooming  did  not  vary  with  treatment;  10.0  ±  0.8%, F2,  27 = 0.4,  P = 0.696).  Similarly,
time  spent  in  close  proximity  without  nursing  did  not  differ  among  treatments;  31  ± 2.6%,
F2,  27 = 0.6,  P  =  0.543).  The  percentage  of occasions  a  pair  did  not  reunite  (i.e.  not observed
within  1 m  of  each  other  within  3 min)  was  23%  for  the milk  feeder  pairs,  38%  for  the  com-
bined  pairs  and  32%  for  the  nursing  pairs (2 = 3.9, P = 0.415).  Nevertheless  suckling  from
another  cow  than  own  dam  was  observed  at least once  by 19 of  the 20 calves  that  were
allowed  to suckle.  Latency  to reunite  (among  pairs  that did  so  within  180 s) was  highest  for
the  combined  pairs  and  tended  to be lower  for milk  feeder  and  nursing  calves;  52.5  ± 16.0,
23.3  ±  8.3  and  12.9  ± 5.8; F2,  24 =  3.1,  P = 0.062).  These  results  indicate  that dam  and  calf  form
a  bond  independent  of nursing.
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. Introduction
Under natural conditions, the survival of the new-born
alf depends on the establishment of a strong and last-
ng social bond with the dam (Enriquez et al., 2011), but
n dairy farms calves are often separated from the cow
ithin hours of birth. Early separation is often perceived
o be unnatural and problematic for the welfare of the cow
nd calf (Ventura et al., 2013), and research has shown that
ursing can provide health and welfare beneﬁts (Krohn,
001; Flower and Weary, 2003). For example, calves reared
ith the dam stand earlier after birth (Lidfors, 1996), gain
ore weight than calves reared artiﬁcially with restricted
ilk allowances (Flower and Weary, 2001) and show
educed signs of distress during an isolation test (Duve
t al., 2012). Long-term positive effects of staying longer
ith the cow can be seen when heifers are introduced
nto the dairy herd (Wagner et al., 2012). Some farms have
dopted alternative management systems that allow for
ome contact between the calf and cow. For example, in
rganic dairy production in Sweden, Denmark and Norway,
t is mandatory to let the calf nurse at minimum 1–3 d after
irth (Vidensenteret for økologisk landbrug, 2012; Debio,
005; KRAV, 2012).
The social bond between mother and young is described
s a preferential mutual, affectionate, emotional attach-
ent that is relatively long lasting and survives temporary
eparations (Newberry and Swanson, 2001). The criteria for
ttachment are preference for one individual over another,
eeking and maintenance of proximity, as well as show-
ng a differential response to short-or long-term separation
rom and reunion with that speciﬁc individual (Gubernick,
981). The bond is characterized by afﬁliative behaviour
uch as allogrooming, provision of nourishment, warmth
nd protection, resting in contact, synchronized activ-
ty, and maintained proximity. Bonded individuals exhibit
einstatement behaviour when motivated to reunite after a
eriod of separation, and greeting behaviour upon reunion
Newberry and Swanson, 2008). Dams and their calves
ften synchronize their activities more than unrelated
nimals in the same group (Veissier et al., 1990). The
other–young bond is typically stronger in beef than in
airy breeds (Le Neindre, 1989), and varies among dairy
nd dual-purpose breeds (Sandem et al., 2002).
Harlow (1959) found that contact between mother and
oung, with or without feeding, elicited maternal attach-
ent in rhesus monkeys. In cattle, the relative importance
f milk provision versus that of caregiving in the forma-
ion of a bond may  be reﬂected in the behavioural response
o weaning and separation (Weary et al., 2008). Weaning
omprises two elements: the loss of milk provided and loss
f care from the dam. The reaction to separation may  be
aused in part by hunger (Flower and Weary, 2003), as
alves newly separated from their dam call less frequently
hen fed more milk (Thomas et al., 2001). Similarly, by
rst reducing the calves’ dependency on milk by preven-
ing access to the udder the distress response at separation
ay  be reduced (Haley et al., 2005). These results suggest
hat the nutritional component of the bond is important.
Krohn et al. (1999) tested the effect of maternal pres-
nce per se and found that calves housed with the damiour Science 163 (2015) 50–57 51
but prevented from suckling had a higher weight gain than
calves given the same amount of milk but isolated from
the dam. Thus the presence of the dam may  have a positive
effect on weight gain independent of milk transfer.
To the best of our knowledge, no research has attempted
to evaluate the effect of nursing on the cow–calf bond.
The aim of the current study was  to test this effect. We
hypothesized that nursing is essential for bond formation
and predicted that if a cow and her calf is allowed to nurse
they would reunite faster after a period of separation and
show more afﬁliative behaviour than would a calf allowed
contact with the mother but prevented from suckling.
2. Materials and methods
The trial took place at the University of British
Columbia‘s Dairy Education and Research Centre, Agassiz,
Canada, from June to October 2012. The university’s Animal
Care Committee approved the study.
2.1. Animals and experimental design
Holstein cow–calf pairs were assigned to treatment at
calving in randomized blocks of three. The three treatment
groups were kept as a dynamic group (Fig. 1) as described
below. The three treatments differed only in nutritional
dependency on the dam: milk feeder (n = 11 pairs), com-
bined (n = 11 pairs) and nursing (n = 11 pairs). Calves were
allowed access to the cow pen at night (between 20:00 h
and 08:00 h) and cows and calves were kept in adjacent
pens during the day (between 08:00 h and 20:00 h) with
visual and auditory contact. Milk feeder calves could feed
ad libitum from an automated milk-feeder throughout the
day and night. Combined calves could suckle from their dam
at night and feed ad libitum from an automated milk feeder
throughout the day and night. Nursing calves could suckle
from their dam at night only; the automated feeder was
programmed to provide no milk access to these calves. We
predicted that daily milk intakes of nursing calves would be
comparable to that of the other treatments based on earlier
research showing high milk intakes of calves suckling the
dam twice daily for 2 h (de Passillé et al., 2008).
Each treatment used one heifer and 10 bull calves.
Throughout the trial, cows were milked twice daily (at
approximately 08:00 h and 18:00 h) in a double 12 stall par-
allel milking parlour. Three ﬁrst parity cows were included
in the milk feeder treatment and four in each of the com-
bined and nursing treatments. The median value of parity
for all three treatments was two. Because cow–calf pairs
were enrolled over a 2-month period, and cows stayed in
the pen for a little more than 6 weeks, a maximum of 24
cows were housed in the group pen at any one time. Both
the cow pen and calf creep only housed animals included
in the experiment.
2.2. Calving managementCalving took place in a 4 m × 4 m individual indoor
maternity pen bedded with sand and covered with straw
into which cows were moved within 24 h of calving. Each
cow–calf pair spent 27–88 h (mean ± SD of 52 ± 12.7 h) in
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Fig. 1. The three treatments were kept as one dynamic group in a group pen (9.5 m × 36.9 m).  The group pen was in a naturally ventilated wooden frame
barn  (width = 38 m,  length = 156 m)  with curtained sidewalls, and had 36 sand-bedded free stalls. Individuals from all treatments were present at all times.
Cows  and calves were kept together at night (between 20:00 h and 08:00 h) and housed adjacent to each other during the day (between 08:00 h and 20:00 h)
 calf cre
 to the swith  visual and auditory contact. During the day, calves were housed in a
occurred when calves were 6 weeks of age when the calves were moved
W  = water.
the maternity pen, with no difference between the treat-
ments (F2, 32 = 0.0, P = 0.99). Established nursing (i.e. calf
suckles without assistance) for nursing and combined was
a prerequisite for moving a cow–calf pair to the group pen.
All calves were bottle-fed 4 L of colostrum within 6 h after
calving. Thereafter, milk feeder calves were hand fed whole
pasteurized milk ad libitum four times daily from nipple
bottles during the period that cow–calf pairs spent in the
maternity pen. Within the ﬁrst 12 h of life, the calves were
weighed and ﬁtted with an ear-transponder. Milk feeder
cows were ﬁtted with an udder net (model Nr. 87355301,
DeLaval, Tumba, Sweden) directly after calving; this cov-
ered the teats and prevented the calf from suckling. Calves
were assisted to stand (milk feeder treatment) or stand
and suckle (nursing and combined treatments) if the calves
were not seen to do so on their own within 6 h of birth.
Three cow–calf pairs, one from each treatment group were
excluded from the analysis due to severe mastitis and indi-
gestion during the ﬁrst week post-partum.
2.3. Feeding
Milk feeder calves and combined calves were allowed
access to 12 L of pasteurized whole milk provided by
a CF1000CS-Combi automatic feeder (De Laval, Tumba,
Sweden); this feeder also provided free-access to concen-
trate for all treatment groups. Milk feeder and combined
calves were trained by the caretakers to drink from the
feeder during the ﬁrst two days after they were moved to
the group pen, and all calves were trained to use the con-
centrate feeder. Once moved to the group pen, all calves
had ad libitum access to orchard grass hay (90.5% DM),ep (10.0 m × 3.0 m)  located adjacent to the cow-pen. Cow-calf separation
eparation pen (7.5 m × 3.0 m).  MF  = Milk feeder, CF = concentrate feeder,
water, and concentrate (barley based, 21.6% crude protein;
Unifeed Calf Tex®, Chilliwack, BC, Canada) as well as the
cows’ Total Mixed Ration (TMR; 22% corn silage, 19% grass
silage, 10% alfalfa hay, and 49% concentrated mix). Daily
concentrate and milk intakes from the feeders were mea-
sured throughout the study. After evening milking, cows
were given 2 h to feed and rest before the gate was  opened
and calves were allowed to enter the cow pen. At gate open-
ing the experimenter whistled to signal that the gate was
open. During the 3 d following ﬁrst entry of a new cow–calf
pair to the experiment, the experimenter gently led the calf
through the gate at opening time and helped it ﬁnd the
dam. Milk feeder calves had access to their dam but were
prevented from suckling by the udder net. Combined and
nursing calves could suckle their own dam after entering
the cow pen. All calves were able to suckle other cows.
Cows had ad libitum access to water, TMR  (same as
above) and orchard grass hay (same as above) 24 h/day. At
night calves were also able to access the cows’ feed.
2.4. Health and performance
Calves were weighed at birth and twice weekly using a
portable walk-on scale (Smart 1, Western Scale Inc., Port
Coquitlam, Canada). Weights were taken three times dur-
ing each measurement time and the median weight was
recorded. Calf health checks were performed twice a week
by a veterinarian. The health check included general state of
the hair coat and signs of dehydration, provoked coughing
and lung auscultation and presence of ocular and nasal dis-
charges as well as rectal temperature. Additionally, faecal
consistency was monitored daily and recorded as diarrheic
J.F. Johnsen et al. / Applied Animal Behav
Table  1
Behaviours recorded for both cow and calf once they were reunited after
daytime separation in the partial suckling system.
Behaviour Deﬁnition Modiﬁer
Lying Lying down Distance between dam
and calf: close; <1 m,
far; >1 m or calf creep
Standing or
moving
Standing on all 4 feet or
moving one or more
extremities either in a
forward or reverse
motion
Allogrooming Initiating or receiving
licking (tongue touches
cow/calf)/snifﬁng (nose
<5 cm from cow/calf air
is  pulled through nose)
or rubbing (nose or
other body part
touches any other body
part)
Initiator/receiver of the
behaviour: own
calf/dam, other
dam/calf)
Nursing Cow is standing in
nursing position, or calf
is standing in nursing
position
Other Drinking water,
defecating, urinating,
eating concentrate
(calf) licking itself or
being social
–
Ruminating Moving jaw in a
rhythmic manner,
and/or regurgitating
swallowed material
–
Eating Taking feed (TMR or
hay) into mouth or
positioned with head
<5 cm from TMR/hay in
Type of food and
location in the pen
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tray
r normal based on visual appearance (Svensson et al.,
006). Some calves had symptoms of diarrhoea and cough-
ng, but this was rarely observed after 3 week of age. Cow
ealth was recorded as part of the standard procedures at
he farm during weekly veterinary health checks. Common
ow production diseases were recorded; health status of
he test cows was comparable to the rest of the herd. Cow
ilk weights were collected automatically twice daily.
.5. Behaviour observation
Each cow–calf pair was  observed on nine different days,
pread over the period when calves were between 3 and
 week old. Direct live, focal animal observations were car-
ied out using the Observer software (version 11; Noldus
nformation Technology, Wageningen, The Netherlands)
hich was loaded onto laptops. By using the start/stop
ption in Observer, durations (s) for each behaviour was
alculated by the software. Before the study began the
even observers were trained to record the behaviours
isted in Table 1 using representative video recordings and
ive observations. Blinding the observers to treatment was
ot possible.
Behaviours were recorded during the ﬁrst 2 h after
ow–calf pairs were allowed to reunite (hereafter called theiour Science 163 (2015) 50–57 53
gate opening). Animals were identiﬁed by large letters dyed
into the hair coat. One observer followed three cow–calf
pairs that were comparable in terms of calf age, one from
each treatment. During each of the nine observation days,
each animal within this triplet was observed six times for
3 min  each on a rotating basis (6 rotations = 18 min/animal).
Thus total observation time per day was  36 min  for each
cow–calf pair, and a total of 324 min  over the nine days of
observation. Allogrooming and nursing were recorded for a
given animal regardless of it being the initiator or receiver.
In addition, we recorded which animal was  the reciprocal
initiator/receiver of the behaviour.
Animals were habituated to the presence of the
observers at the time the gate was opened by their presence
(recording behaviour for the sake of a different experiment)
2 h prior to the start of the observations. The sequence, in
which the animals were observed, was  always cow, cow,
cow, calf, calf, calf. The order with which the pairs were
observed was  randomized at each observation day. In addi-
tion, any case of a milk feeder calf suckling another dam was
noted whenever it was  seen.
2.6. Statistical analyses
The experimental unit was  the cow–calf pair. Residu-
als were visually assessed for normality and Levene’s test
was used to assess homogeneity of variances. Some vari-
ables (allogrooming other dam/calf and other) were square
root transformed to normalize variance. One-way ANOVA
(SPSS v. 21, IBM) was  used to test treatment differences in
these behaviours and in average daily weight gain and milk
production. Signiﬁcant treatment differences were investi-
gated using Tukey’s post hoc comparisons. Milk intake from
the calf feeder was not normally distributed. Differences in
intake between the two  treatments allowed to access the
feeder (i.e. the milk feeder and combined treatments) were
analyzed using a Mann–Whitney U test.
For all behaviours except latency to reunite, the dura-
tion of dam and calf behaviour was  summed for each
observation day in order to obtain one result for each
cow–calf pair. Thereafter, the behaviours were averaged
over the nine observation days. During observation a cow or
calf was  recorded with one of two mutually exclusive posi-
tion behaviours; standing or moving and lying. In addition,
the activity of the animals was  recorded; e.g. rumination
or allogrooming independent on whether the animal was
lying or standing/moving. Results are presented as percent-
age of total observed time. Since the position behaviours
and activity behaviours were not mutually exclusive, the
percentage may  add up to >100%. Although milk feeder
calves were prevented from suckling their own dam, they
were (according to the deﬁnition in the ethogram) recorded
as suckling when they stood in suckling position. To evalu-
ate if allogrooming occurred preferentially within the cow
and calf pair, the total time spent grooming the subject’s
own cow/calf was  subtracted from the time spent groom-
ing unrelated cows/calves; this difference was  compared
with null expectation of 0 (no preference) using a one sam-
ple t-test. The same procedure was repeated speciﬁcally
for the milk feeder only pairs and for combined and nursing
al Behaviour Science 163 (2015) 50–57
Fig. 2. Daily milk intakes (L) during the nursing period (0–6 weeks) pre-
sented as median with 25th and 75th percentiles. Values > 3.0, and >1.5
interquartile ranges from the nearest edge of the box are indicated by
“×” and “©” respectively. Whiskers show minimum and maximum val-
ues. The letters indicate the two treatments: (a) milk feeder (n = 10) and
(b) combined (n = 10). Calves in both treatments had access to 12 L/day of
fresh, warm, pasteurized whole cow’s milk from a milk feeder positioned54 J.F. Johnsen et al. / Applied Anim
pairs with respect to nursing own cow/calf vs. nursing other
cow/calf.
Latency to reunite was calculated as the time from
gate opening until cow and calf were in close proximity
(<1 m apart). Cow-calf pairs not reunited by >180 s were
deﬁned as non-reunited. Associations between treatment
and reunion/non reunion were explored with a Chi-square
test. Latency to reunite was averaged for each cow–calf
pair and square root transformed to normalize variance.
Levene’s test was used to assess homogeneity of variances
and treatment differences were investigated with one-way
ANOVA. One cow–calf pair was removed from this analysis
because of a missing value. Additionally, two (combined)
pairs were not observed to reunite at any of the observa-
tional sessions, so ﬁnal analysis of mean latency to reunite
included data from 27 cow–calf pairs.
Descriptive results are presented as means ± SD; com-
parisons are presented as means ± SEM. Effects were
considered as signiﬁcant when P < 0.05 and as a tendency
when P < 0.10.
3. Results
3.1. Cow and calf performance
Calf weight gain during the experiment (calf age 0–6
weeks) averaged (±SD) 0.9 ± 0.22 kg/day and did not vary
among treatments (F2, 29 = 0.6, P = 0.524). Calf daily milk
intake from the milk feeder averaged 8.2 L/day for calves
that only had access to the feeder (Fig. 2a), and the mini-
mum  average daily intake for calves in this treatment was
5.2 L/day. In contrast, 6 of 10 calves in the combined treat-
ment (that were also able to suckle from the dam) often
consumed less than 1.5 L/day from the milk feeder, and
intake for the four remaining calves averaged just 2.3 L/day
(U = 7188, P < 0.001, r = 0.8). As shown in Fig. 2b, the daily
milk intake of the combined calves also varied from day to
day.
As expected, cows that were able to nurse their calves
provided less milk in the milking parlour (F2, 29 = 8.2,
P = 0.002): yield for the milk feeder cows (i.e. those unable to
nurse their calves) averaged 40.5 ± 3.63 L/day, versus just
25.3 ± 2.70 L/day and 26.3 ± 2.41 L/day for cows in the com-
bined and nursing treatments.
3.2. Afﬁliative behaviours
Cow-calf pairs in all three treatments were observed
allogrooming own cow/calf (i.e. licking, snifﬁng and rub-
bing own calf, own dam or mutual). Time engaged in this
behaviour averaged approximately 10% and did not dif-
fer among treatments (Table 2). All pairs spent more time
allogrooming each other (i.e. own cow/calf) than they did
grooming other cows and calves within the same group
(10 ± 0.8% vs. 0.4 ± 0.7%, t29 = 168.8, P ≤ 0.001). Speciﬁcally,
the milk feeder pairs also spent more time allogroom-
ing each other than unrelated individuals (11 ± 2.0% vs.
0.5 ± 0.4%, t9 = 5.2, P < 0.001).
During our observations cows and calves spent approxi-
mately 30% of the available time in close proximity without
suckling. Calves in the nursing treatment tended to spendin  the calf creep. Combined calves could also suckle their dams at night
(between 20:00 h and 08:00 h).Calves in the third treatment (nursing)
were not allowed access to the milk feeder and are not shown.
more time suckling from their own dam as did the com-
bined calves (Table 2, P = 0.062). Milk feeder calves were not
able to suckle, but were occasionally observed standing in
a suckling position.
Of the cow–calf pairs able to nurse (combined and nurs-
ing), 19 of 20 pairs (95%) were observed on at least one
occasion to nurse other dam/calf. In contrast, this behaviour
was  only observed in 2 of 10 milk feeder pairs. However,
there was  no effect of treatment, and combined and nurs-
ing pairs spent much more time nursing own  cow/calf
than nursing other cow/calf (10 ± 0.8 vs. 2 ± 0.4, t19 = 10.6,
P < 0.001).
3.3. Latency to reuniteFive of the milk feeder pairs, three combined pairs and
two  nursing pairs were observed to reunite (i.e. cow and
calf observed in close proximity; <1 m apart) within 180 s
during all observation sessions. Two combined pairs were
J.F. Johnsen et al. / Applied Animal Behaviour Science 163 (2015) 50–57 55
Table  2
Afﬁliative behaviours recorded during the ﬁrst 2 h after the cow–calf pairs were reunited in a partial suckling system: ﬁve response measures are shown:
(mean  ± SEM) % (of total time available) the pair spent within 1 m without nursing, % the pair was  allogrooming, % the pair was nursing or suckling, % time
nursing  or suckling another calf or cow, % time allogrooming with another calf or cow. Responses are shown separately for the three treatments: milk feeder
(n  = 10), combined (n = 10), and nursing (n = 10).
Treatment
Milk feeder Combined Nursing F P-value
Behaviour within a cow-calf pair
Time spent close without nursing, % 33.3 ± 6.14 26.8 ± 2.65 32.6 ± 4.14 0.6 0.543
Allogrooming OWN  dam/calf, % 10.8 ± 1.96 9.1 ± 1.03 10.2 ± 0.99 0.4 0.696
Nursing OWN  dam/calf, % 0.3 ± 0.22 8.9 ± 1.05 11.8 ± 1.02 48.4 0.000
2.0 ± 0.56 2.0 ± 0.67 2.1 0.141
0.3 ± 0.08 0.4 ± 0.17 1.0 0.381
n
o
F
2
a
1
l
P
3
b
s
P
1
4
f
p
p
t
a
p
r
t
c
S
i
b
a
W
o
d
t
t
h
b
v
i
i
o
Fig. 3. The ﬁgure shows the number of instances cow–calf pairs within
each treatment reunited within 180 s and the latency to reunite. The three
treatments differed in the calves’ nutritional dependency on the dam:
Milk feeder calves could feed ad libitum from an automated milk-feeder,
combined calves could suckle from their dams at night and could feed ad
libitum from an automated milk feeder and nursing calves could suckle
from their dams at night. (a) Observational sessions (milk feeder;  n = 28,Behaviour directed towards alien cow/calf
Nursing OTHER dam/calf, % 0.5 ± 0.47 
Allogrooming OTHER dam/calf, % 0.5 ± 0.12 
ever observed to reunite within 180 s. The number of
ccasions the cow–calf pairs did not reunite is shown in
ig. 3a. Accordingly, the cow–calf pairs did not reunite in
3%, 38% and 32% of the occasions for milk feeder,  combined
nd nursing pairs respectively (2 = 3.9, P = 0.415).
Latency to reunite (among pairs that did so within
80 s) was highest for the combined pairs and tended to be
ower for milk feeder and nursing calves; Fig. 3b; F2, 24 = 3.1,
 = 0.062).
.4. Other behaviours
There were no signiﬁcant differences in general activity
etween the three treatments. For example cow–calf pairs
pent on average 36 ± 1.7% of their time lying (F2, 27 = 1.3,
 = 0.302); 11 ± 1.0% eating (F2, 27 = 1.5, P = 0.237), and
9 ± 1.1% ruminating (F2, 27 = 1.1, P = 0.353).
. Discussion
We  hypothesized that nursing was essential for the
ormation of the cow–calf bond, and predicted that in com-
arison to cow–calf pairs allowed to nurse, the milk feeder
airs would spend less time close to one another, less
ime allogrooming and have a longer latency to reunite
fter a period of separation. Our results provide little sup-
ort for these predictions. Time in proximity, allogrooming,
euniting after a period of separation and preference for
he related cow/calf over an unrelated pen mates all indi-
ate that a bond formed (Gubernick, 1981; Newberry and
wanson, 2008), even in the absence of nursing.
This study is the ﬁrst to disentangle the effects of afﬁl-
ative behaviours and nursing with respect to the maternal
ond in dairy cattle. All cows accepted the calf, and the cow
nd calf usually reunited rapidly when allowed to do so.
e found no differences among treatments in the amount
f time dam and calf spent close to one another. Young
airy calves have earlier been shown to choose the dam as
he closest neighbour; this afﬁliative behaviour is thought
o indicate attachment (Froberg and Lidfors, 2009), per-
aps especially in the absence of milk transfer. Afﬁliative
ehaviour is characterized by maintaining proximity, pro-
iding food, protection or allogrooming between speciﬁc
ndividuals (Boissy et al., 2007). Maintaining close prox-
mity might provide opportunities for social transmission
f information from a mother to her young such as
combined;  n = 29 and nursing; n = 31) in which a cow–calf pair did or did not
reunite (i.e. approach within 1 m and 180 s after daytime separation). (b)
Mean latency (±SEM) (s) to reunite for cow–calf pairs (milk feeder (n = 10),
combined (n = 8) and, nursing (n = 9) that did reunite within 180 s after a
gate was opened after separation during the day.
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information about food sources and predators
(Thorhallsdottir et al., 1990).
Allogrooming was recorded for all pairs. Allogrooming
was performed more within family pairs than unrelated
cows and calves indicating that the bond is speciﬁc to the
dam and her calf. Cow-calf pairs prevented from nursing
also showed preference for one another as an allogroom-
ing partner. Nursing and licking often occur together;
one study reported that 56% of licking bouts were asso-
ciated with nursing (Keeling, 2001). Licking seems to be
important in the relationship between a cow and her calf
(Vitale et al., 1986), and is considered essential in establish-
ing the maternal ﬁlial bond (von Keyserlingk and Weary,
2007). Allogrooming is also thought to play a key role in
reinforcing social bonds and is associated with positive
emotions (Boissy et al., 2007).
An existing bond between the cow and calf did not
eliminate nursing by other calves; indeed, the majority
of combined and nursing cows were seen to nurse other
calves. Indeed, 95% of pairs were recorded suckling/nursing
a cow/calf other than own at least once. This percentage is
somewhat higher than that reported by Froberg and Lidfors
(2009) and by Spinka (1992). This behaviour was infre-
quent for milk feeder pairs, perhaps because these calves
had less experience with suckling behaviour.
The high percentage of combined and nursing calves
observed to at least once suckle a cow other than their
own dam may  been the result of these calves being highly
motived to access milk when ﬁrst reunited. Indeed, these
calves seemed to approach and suckle the ﬁrst available
cow, before moving on to ﬁnd their own dam. However,
the pairs allowed to nurse spent more time nursing own
cow/calf than nursing a dam/calf other than own. Other
work has found that young calves commonly attempt to
suckle from other cows, but strongly prefer to suckle from
their own mother (Spinka and Illmann, 1992).
Cows and calves normally reunited soon after the gate
opening, indicating both recognition and motivation to
reunite. We  had predicted that the milk feeder cow–calf
pairs would reunite later after a period of separation. How-
ever, milk feeder pairs did on most occasions reunite, and
many pairs reunited at all occasions. In each of the treat-
ments there were some cow–calf pairs that did not reunite
within the ﬁrst 3 min  after the gate was opened at night.
Combined pairs tended to reunite later than nursing pairs.
That most combined and nursing calves at some occasions
suckled a cow other than own dam can explain why the
pairs reunited later as discussed above. Interestingly, com-
bined calves tended to spend less time suckling from their
own dam (compared to nursing calves) perhaps explained
by milk intake from the milk feeder. However, spending
less time suckling from own dam and an increased latency
to reunite may  both demonstrate a high ﬂexibility of the
nutritional component of the bond. Two combined pairs
were never recorded to reunite within 180 s, but still spent
substantial amounts of time allogrooming and being close
without nursing.Calf weight gains in the current study were comparable
to those reported in previous work on the same farm for
calves fed large quantities of milk (Sweeney et al., 2010). A
study on suckling calves with free access to the dams hasiour Science 163 (2015) 50–57
shown even higher gains; in excess of 1 kg/day (Grondahl
et al., 2007). Nursing calves had access to milk only at night
and the cows were milked twice daily, perhaps limiting
milk availability. Milk transfer from cows to calves was
not measured, but evidence from the weight gains suggests
that milk intakes of nursing calves were similar to that of
the other treatments. Treatment differences in daily milk
yield in the parlour likely reﬂect the high milk intake by
calves allowed to suckle. Even in a restricted suckling sys-
tems allowing calves to suckle twice daily for 2 h, calves
consumed 12.5 kg by 9 week of age (de Passille et al., 2008);
this result suggests that calves in a partial suckling sys-
tem drink as much milk as those fed ad libitum from a teat
(Appleby et al., 2001).
The combined pairs were allowed access to milk from
both the cow and the milk feeder, but 6 of 10 calves drank
very little (<1.5 L/day) from the automatic milk feeder. The
reason for the daily variation in milk intakes of these calves
is unknown. However, similar ﬁndings have been reported
for calves fed ad libitum from an artiﬁcial teat (Appleby
et al., 2001), and may  reﬂect difﬁculties in regulating feed
intake over longer periods. Integrating a milk feeder into a
partial suckling system could meet individual preferences
both in milk intake and patterning across the day. Com-
pared calves in the milk feeder treatment, combined calves
drank less milk from the feeder; the weight gains of these
calves indicate that they made up for the shortfall in intake
from the milk feeder by suckling the dam. As combined
calves were trained to use the milk feeder, this result sug-
gests that some calves prefer nursing to drinking from an
automatic feeder, and that no calves have the opposite pref-
erence.
5. Conclusion
These results indicate that bonding occurs between
calf and cow even in the absence of nursing. Prefer-
ence for own cow/calf as an allogrooming partner, time
spent allogrooming, proximity between cow and calf and
reunion after a period of separation, all indicate that a
maternal bond developed and persisted regardless of how
much calves were nursed. These results can inform the
development of housing and management systems that
allow continued cow–calf contact even in the absence of
nursing.
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